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Because idiopathic dilated cardiomyopathy is characterized 
by elevated wall stress and a more spherical left ventricle, 
the relations among shape, after-load and survival were 
examined. Thirty-six patients with cardiomyopathy were 
prospectively studied by two-dimensional echocardiog- 
raphy. Data included echocardiographic short- and long- 
axis cavity dimensions, their ratio and, with cuff systolic 
blood pressure, meridional and circumferential end-systolic 
stresses and their ratios. Survivors (n = 16) were followed 
up for 52 months (range 40 to 76); nonsurvivors (n = 20) 
died an average of 11 months after study. 
Survivors had a smaller left ventricular end-diastolic 
short-axis dimension (6.4 versus 7.1 cm, p < 0.03) but a 
similar long-axis length (8.6 versus 8.3 cm). However, 
overall cavity shape or the ratio of short- to long-axis 
end-diastolic dimensions was more spherical in those with 
poorer survival (ratio 0.76 versus 0.68, p < 0.02). Merid- 
ional and circumferential end-systolic stresses were similar 
in the two groups, but stress was more evenly distributed in 
the long- and short-axis planes in nonsurvivors (meridional/ 
circumferential stress ratio 0.57 versus 0.52 in survivors, 
p < 0.05). Improved survival was associated with an 
end-diastolic short-axis dimension C7.6 cm, a short- to 
long-axis ratio CO.76 and a meridional to circumferential 
stress ratio ~0.54. Life table analysis revealed a 28% 
mortality rate in patients with all three of these character- 
istics compared with 100% in patients with none. Survivors 
and nonsurvivors did not differ in systolic cavity dimension, 
wall thickness, relative wall thickness, cavity volume, per- 
cent posterior wag thickening or fractional shortening. 
In conclusion, a poorer survival was associated with a 
more spherical ventricle and a more uniform distribution of 
afterload. In contrast, there was no association between 
survival and wall thickness, systolic function and end- 
systolic stress. Two-dimensional echocardiographic deter- 
minations of cavity dimension, shape and load distribution 
may provide useful prognostic information in dilated car- 
diomyopathy. 
(J Am CON Cardiol1989;13:311-5) 
Estimation of prognosis in idiopathic dilated cardiomyopa- 
thy has been attempted with use of a wide range of variables 
of ventricular shape and morphology, hemodynamics and 
electrophysiology (l-9). Although the results of such studies 
vary somewhat, prognosis seems generally related to varia- 
bles of ventricular function. However, ventricular perform- 
ance is intimately related to left ventricular chamber archi- 
tecture and afterload. Shape changes and a disproportionate 
elevation of end-systolic wall stress are prominent charac- 
teristics of cardiomyopathy and appear to be related to both 
contractility at rest and the response to inotropic agents (IO), 
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but they have never been examined as possible prognostic 
indicators useful in the evaluation of this disorder. Thus, we 
used two-dimensional echocardiographic methods to deter- 
mine cavity shape and afterload in patients with idiopathic 
dilated cardiomyopathy, and we related results to subse- 
quent survival. 
Methods 
Study patients. One hundred two consecutive patients 
with a clinical and echocardiographic diagnosis of idiopathic 
dilated cardiomyopathy were screened for suitably high 
quality echocardiographic images and, if they were alive, for 
the availability of follow-up information for 240 months 
after initial echocardiography. Thirty-six patients met both 
criteria and formed the study group; 20 were male and 16 
female, and they had a mean age of 52 years (range 16 to 77) 
at the time of echocardiography. All patients were in func- 
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tional class III or IV and had a radionuclide ejection fraction 
~50%. No patient had historical or echocardiographic evi- 
dence of ischemic heart disease or severe mitral regurgita- 
tion, and all were in sinus rhythm. Drug therapy at the time 
of study included a diuretic in 31 patients, digoxin in 28, 
nitrates in 11, hydralazine in 8, antiarrhythmic agent in 6, 
amrinone in 3, captopril in 2 and nifedipine in 2. The type 
and dose of treatment were similar in survivors and nonsur- 
vivors. 
Two-dimensional echocardiography. Two-dimensional 
echocardiograms were obtained in all patients with the use of 
a commercially available phased array ultrasonograph. Left 
ventricular short-axis images were recorded for measure- 
ment at the high papillary muscle level when simultaneous 
visualization of the entire left ventricular perimeter was 
optimal. All analyses were performed by observers unaware 
of patient survival data. Three to five cardiac cycles were 
selected for analysis at end-diastole (R wave peak) and 
end-systole (smallest cavity area). Left ventricular endocar- 
dium, epicardium and the right side of the interventricular 
septum were traced frbm a video monitor onto clear plastic 
overlays with a fine felt-tipped pen. Protruding portions of 
the papillary muscle were arbitrarily assigned to left ventric- 
ular cavity. Calibrated tracings were digitized on a Hewlett- 
Packard 9825 microcomputer equipped with a high resolu- 
tion digitizer to determine total left ventricular area and left 
ventricular cavity area. Similarly, three to five left ventric- 
ular long-axis images were recorded from the apical four 
chamber view and traced for measurement of left ventricular 
length. Because we previously demonstrated (I l-13) that 
two-dimensional images traced in this manner overestimate 
anatomic myocardial mass and underestimate anatomic cav- 
ity size in a predictable, instrument-specific fashion results 
were regression-corrected to provide accurate absolute val- 
ues. Values for intra- and interobserver variability for these 
methods have been previously examined (11) and shown to 
be minimal (r = 0.96 to 0.98). 
Myocardiul area (Am) was determined by subtraction of 
total left ventricular area (At) and left ventricular cavity area 
(AC) (Am = At - AC). Left ventricular internal dimension 
was calculated as 2G and mean wall thickness as 
m- m. The ratio of minor axis to left ventricular 
cavity length (L) was calculated as (2 Acl+L. Relative wall 
thickness was calculated as m - ma. 
End-diastolic and end-systolic left ventricular volumes 
were calculated as 5/6 AcL and used to estimate ejection 
fraction. Left ventricular mass was calculated as 1.055 x 5/ 
6(AcL-AcL) as we have previously validated anatomically 
(13). 
End-systolic stress. End-systolic meridional stress (crm) 
was calculated as vrn = 1.33 P*Ac/Am x 10’ dynes/cm*, 
where P = peak left ventricular pressure and 1.33 = the 
conversion constant from millimeters of mercury to dynes 
per square centimeter. End-systolic circumferential stress 
(UC) was calculated by a modification of the method of 
Mirsky (14) as 
1.33 P GG 
Oc= vxi-vx 
Left ventricular end-systolic pressure was estimated by peak 
cuff systolic pressure at the time of echocardiography. Stress 
ratios were calculated by dividing meridional stress by 
circumferential stress. 
We previously validated end-systolic wall stress determi- 
nations based on the use of peak systolic cuff pressure to 
estimate end-systolic pressure. Such determinations corre- 
late well with those based on high fidelity invasive end- 
systolic pressure in the absence of outflow obstruction (r = 
0.89 for pressure, r = 0.97 for epd-systolic stress) (15). These 
results are based on defining end-systole as the smallest left 
ventricular diameter. Although controversy exists about the 
timing of end-systole, results using maximal shortening as a 
marker of end-systole are generally concordant with estima- 
tions of stress based on calibration of the dicrotic notch of 
the carotid pulse tracing (16). 
Follow-up data. Survival data were obtained by tele- 
phone interviews with the patient or his or her family or by 
review of medical records on all patients at a mean of 58 2 
13 months (range 40 to 83) after the initial echocardiographic 
study. There were 16 survivors who lived an average of 52 
months (range 40 to 76) after the initial study; the 20 
nonsurvivors died an average of I1 months after the initial 
study. 
Statistical methods. Comparisons between survivors and 
nonsurvivors based on all variables were performed with the 
unpaired t test and chi-square analysis. Comparisons of 
survival based on single or multiple variables were per- 
formed using life table analysis and multivariate regressions. 
Results 
Left ventricular dimensions and mass. Evaluation of left 
ventricular size showed that nonsurvivors had a larger 
diastolic but not systolic left ventricular short-axis dimen- 
sion (p < 0.03) (Table 1). Because long-axis length was not 
different in the two groups, the ratio of short- to long-axis 
end-diastolic lengths was larger (more nearly I) in nonsurvi- 
vors (p < 0.02). Thus, because left ventricular mass was 
similar in the two groups, survival was associated with better 
preservation of the normal elliptical left ventricular shape, 
whereas a poor prognosis was not associated with additional 
hypertrophy but rather with a rounder ventricle. The data 
were then examined to determine optimal cutoff values 
based on the distribution of individual results. When exam- 
ined as a descriptor of survival, a diastolic short-axis dimen- 
sion (Dd) 27.6 cm was present in 7 of the 20 nonsurvivors 
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Figure 1. Survival curves based on 
categorizing the 36 study patients ac- 
cording to optimal cutoff values deter- 
mined by examination of the distribu- 
tion of individual values (see text). A, 
Classification according to left ventric- 
ular diastolic diameter (Dd) ~7.6 cm or 
~7.6 cm. B, Classification according to 
ratio of end-diastolic short-axis diame- 
ter to end-diastolic long-axis length 
(D/L) CO.76 or ~0.76. C, Classification 
according to a ratio of meridional 
to circumferential end-systolic stress 
(M/C) CO.54 or ~0.54. D, Classitica- 
tion according to the number of the 
three critical values present (Dd, D/L, 
M/L). The top line shows survival for 
the I8 patients who had no critical 
values for any of the three variables (0 
of 3); the mortality rate was 20% over 
the average 40 month follow-up period. 
The second line (from top) shows sur- 
vival for the five patients with one of 
three critical values; the mortality rate 
was 60%. The third line (from top) 
shows survival for the six patients with 
two of three critical values; the mortal- 
ity rate was 83%. The bottom line 
shows survival for the seven patients 
with all three critical values: the mor- 
tality rate was 100%. 
Dd < 7.6 cm 
13/29 died 
7/7 died 
\ M/C < 54 
51’6 died 
iL- M/C >_ 54 
p<.Ol 13/16 died 
but in no survivors; all 7 patients with Dd 2 7.6 cm died, I3 
of 29 with Dd < 7.6 died (p < 0.01) (Fig. 1A). Similarly, a 
short- to long-axis ratio of ~0.76 was present in 10 of the 20 
nonsurvivors and only I of the 15 survivors. Ten of 1 I 
patients with a long-axis ratio ~0.76 died as compared with 
IO of 25 with a ratio co.76 (p < 0.01) (Fig. 1B). In contrast, 
the relation between mortality and systolic short-axis dimen- 
sion and systolic wall thickness was not quite statistically 
significant (p = 0.06 and p = 0.07, respectively). Diastolic 
relative wall thickness, diastolic wall thickness, echocardio- 
graphic cavity volume, percent posterior wall thickening, 
fractional shortening and ejection fraction were not related 
to survival. 
Wall stress. Evaluation of left ventricular mechanics 
showed wall stress to be elevated, but without significant 
differences between the two groups in either meridional or 
circumferential stress (Table I). However, the ratio of or- 
thogonal stresses was higher in nonsurvivors (stresses more 
nearly equal). Taken as a descriptor of survival, a stress ratio 
~0.54 was present in 13 of I8 nonsurvivors for whom data 
were available, but in only 3 of 16 survivors (p < 0.01) (Fig. 
IC). Thirteen of the 16 patients with a ratio 20.54 died, but 
only 5 of 18 with a ratio co.54 died. 
Multivariate analysis. In the I8 patients whose measure- 
ments did not exceed the cutoff values for any of the three 
variables examined (diastolic short-axis dimension ~7.6 cm. 
lo/25 died 
p< 01 
0 . . . . . . . . .._.........._.... _..., 
B 
Cl m 2 z ; 4 m P I lz 2 zz 
MONTHS 
1 of 3 60% dead 
2 of 3 83% dead 
2 20 
5 f0 
u 
3 of 3 100% dead 
0 . . . . . . . . . . . . .._......_... .,,,,,,,,,, 
DOm Lo 2 3 ST $2 R s 
MONTHS 
ratio of short- to long-axis lengths ~0.76, stress ratio ~0.54). 
mortality was 28% (5 of 18) over the nearly 5 year follow-up 
period (Fig. ID). In the five patients who had cutoff levels 
exceeding the values for any one of three variables, the 
mortality rate was 60% (3 of 5). In the six patients whose 
values exceeded the cutoff levels in any two of the three 
Table 1. Echocardiographic Results in Survivors and 
Nonsurvivors With Idiopathic Dilated Cardiomyopathy 
Survivors Nonsurvivors p 
(n = 16) (n = 20) Value 
Age tyr) 462 13 562 17 NS 
Systolic blood pressure (mm Hg) 121 f I4 III + 14 NS 
LV mass (g) 206 t 54 190564 NS 
Diastolic LV diameter (cm) 6.4 f 0.6 7.1 lr I.1 0.03 
Systolic LV diameter (cm) 5.8 i- 0.7 6.4 + I.2 0.06 
Diastolic wall thickness (cm) I.1 + 0.2 I.0 + 0.2 NS 
Systolic wall thickness (cm) I.2 i 0.2 I.1 + 0.2 0.07 
Wall thickness/cavity radius ratio 0.20 + 0.13 0.16 f 0.11 NS 
LV length (cm) 8.6 t I.1 X.3 -+ I.2 NS 
LV diameter/length ratio 0.68 + O.OY 0.76 t 0. IO in.02 
Fractional shortening t%%) IO + 6 Yt5 NS 
Meridional stress (kdyne/cm’) 163 2 49 I99 + lb NS 
Circumferential stress tkdyneicm’) 318 ? 84 338 f 96 NS 
Meridional/circumferential stress ratio 0.52 2 0.07 0.57 ? 0.08 <:0.05 
LV = left ventricular. 
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variables, the mortality rate was 83% (five of six). In those 
seven patients whose values exceeded cutoff levels in all 
three variables, the mortality rate was 100%. 
Multivariate logistic regression analyses in which status 
at follow-up (alive or dead) was used as the end point 
revealed left ventricular end-diastolic dimension to be the 
only independently associated variable (r2 = 0.143, p < 
0.03). With the use of survival time after the initial echocar- 
diographic study as the end point, the ratio of end-diastolic 
short- to long-axis length was the only significant variable 
(r2 = 0.160, p < 0.02). Although both models were signifi- 
cant, only a small part of the variability in prognosis could be 
attributed to left ventricular cavity shape. 
Discussion 
The difficulty of determining prognosis in dilated cardio- 
myopathy is underscored by the lack of unanimity in the 
published studies regarding which factors are most useful. 
Because a primary abnormality in cardiomyopathy is the 
change in myocardial structure and chamber shape, because 
measures of cardiac performance seem to be among the 
more useful descriptors of survival, and because function is 
intimately related to chamber shape and load, we sought to 
find a relation between the known grim prognosis of dilated 
cardiomyopathy and the changes in ventricular shape and 
afterload that characterize it. We found that alteration of the 
normally ellipsoid left ventricular cavity shape to a more 
spherical one translated into an abnormal distribution of 
afterload; both shape change and’alteration of load distribu- 
tion were associated with a higher early mortality rate. 
Left ventricular shape and function. The importance of 
shape changes to left ventricular function has been demon- 
strated in recent work by Borow et al. (10). In a group of 
patients with cardiomyopathy, a more spherical chamber 
was associated with higher end-systolic wall stress and an 
abnormal distribution of fiber shortening. More important, 
the more spherical ventricles displayed more severely de- 
pressed contractility at rest, as measured by the end-systolic 
stress-ejection fraction and the stress-circumferential veloc- 
ity (Vcf) relations, and had a blunted response to infused 
dobutamine. 
The roundness of the left ventricle is variably affected in 
other cardiac disease states, although none show the magni- 
tude of change associated with dilated cardiomyopathy. In a 
previous study (17), we showed that patients with aortic 
stenosis and impaired pump function have a more spherical 
left ventricle than those with aortic stenosis and normal 
ejection fraction. In contrast, patients with volume overload 
due to aortic regurgitation did not show an association 
between shape change and ejection fraction. 
Although it is generally accepted that wall stress is 
elevated in cardiomyopathy, the significance of this finding is 
unclear. Kukin et al. (7), in a preliminary report, found that 
mortality was greater in patients whose low ejection fraction 
was not explainable by high wall stress (and was therefore 
presumably due to a greater component of myocardial 
depression), although the absolute level of wall stress was 
not helpful in predicting survival. Other studies (2,4,7-9) 
have found mixed results when examining relative wall 
thickness, which is proportional to stress and indicates the 
extent of ventricular remodeling that has contributed to the 
normalization of wall tension. In the present study, only an 
altered distribution of load, with meridional stress being 
more dramatically increased than circumferential, was asso- 
ciated with decreased survival. The similarity of left ventric- 
ular mass in the two groups (nonsurvivors versus survivors) 
suggests that there may be a limit to hypertrophic response 
in the cardiomyopathic ventricle. If this were true, continued 
dilation would not be accompanied by further increases in 
wall thickness, thereby causing wall forces to be redistrib- 
uted in much the same pattern as we observed. 
In the setting of increased stress and reduced pump 
function, as is seen in cardiomyopathy, it is necessary to 
simultaneously consider afterload and ejection phase in- 
dexes to obtain an accurate picture of ventricular perform- 
ance. In this study, because orthogonal stresses were not 
proportionally increased, circumferential stress, the major 
load opposing ejection, could not have been accurately 
estimated with use of short-axis-derived meridional stress. 
Indeed, in an earlier study by our group (18), consideration 
of the meridional stress-dimension relation failed to separate 
patients with cardiomyopathy and normal subjects, whereas 
the circumferential stress-dimension relation suggested sig- 
nificant myocardial dysfunction. A similar result was ob- 
tained by Borow et al. (10). 
Estimation of prognosis in cardiomyopathy. Many inves- 
tigators have attempted to determine prognosis in dilated 
cardiomyopathy. The most successful predictors relate to 
left ventricular function and include symptom class, ejection 
fraction, hemodynamic variables such as left ventricular 
end-diastolic pressure, right atria1 or pulmonary wedge cap- 
illary pressure, systemic vascular resistance, stroke work 
and cardiac index and a positive response to vasodilator 
therapy. Some echocardiographic variables, such as left 
ventricular cavity size, have not consistently been found to 
be important (2,4) but others, such as relative wall thickness, 
are more successful predictors (6,s). In contrast, in this 
study, as in others (2,4,9), fractional shortening, relative wall 
thickness and absolute levels of afterload were not related to 
survival. This disparity may reflect differences in patient 
population or variability in the severity of disease at the time 
of study. Instead, the previously unexamined variables of a 
more spherical ventricle and a more uniform distribution of 
afterload were associated with poorer survival. It must be 
mentioned that there was overlap between survivors and 
nonsurvivors for each variable considered. Therefore, use of 
the categorical model (Fig. 1D) provided the best correlation 
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with survival. In addition, because only a small portion of 
the variability in survival could be explained, prognosis 
likely depends on other variables as well, including those 
already noted. 
Further studies, including a prospective application to a 
larger patient population, are needed to confirm these obser- 
vations and to fully understand the impact of these changes 
on cardiac performance. Nevertheless, two-dimensional 
echocardiographic determinations of cavity dimension, 
shape and load distribution, especially when combined, may 
provide useful prognostic information in the evaluation of 
idiopathic dilated cardiomyopathy. 
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